Statistical tests are important tools in assessing the outcomes of clinical research studies. Although the appropriate application of statistics is fundamental to the interpretation and presentation of scientific data, the literature is awash with examples of basic statistical errors and inappropriate analyses. In addition, consideration should always be given to the clinical impact of statistical data. There is a risk of focusing too heavily on statistical significance without full appreciation of the potentially broader clinical significance of results. This report, based on a recent article in Nature by David L. Vaux (1 ) , briefly discusses the inappropriate use of basic statistics and highlights the concept of statistical vs clinical significance.
THE BIG ISSUE
Unfortunately, many science graduates go through their research careers with an inadequate grasp of basic statistical knowledge. Statistical analysis is often an afterthought, given little attention during the design of an experiment. One of the most common misconceptions encountered is the use of P values and error bars generated from replicate data in single "representative" observations. All too often, misleading P values are produced, leading to questionable conclusions. Perhaps more worryingly, it may be inferred that a considerable number of reviewers and editors also have substandard understanding of statistics, owing to the continued publication of papers with sloppy statistical analysis.
STATISTICS 101
Statistical analysis should be shown in a paper only when it aids data interpretation; otherwise it serves to detract from the actual relevance of the results. Descriptive statistics (such as P values, standard errors of the mean, or confidence intervals) should be shown only for independent data gained from repeated nonlinked observations. The difference between replicate data and independent data is not always appreciated, and statistical analysis is often wrongly applied to the former. If data from an experiment are equivocal, it is not appropriate to perform the same experiment until the elusive P value is obtained. Rather, an alternative mechanism should be sought to test the hypothesis.
CLINICAL RELEVANCE
Although achieving statistical significance in a study is important, it is also necessary to ascertain the clinical significance of the data. In simplistic terms, statistical significance measures the likelihood that any apparent differences between study data are real and not occurring by chance. Clinical significance measures the extent to which the differences affect clinical practice. Clinical laboratorians are sometimes guilty of obsessing about numbers and the effort to produce them but may miss the bigger picture of how those numbers are used clinically. Recognizing that P values alone are not enough for clinicians to make informed decisions in real life, we need to bridge the gap between the theoretical and the practical.
In summary, young scientists should be taught the correct application of statistics at every opportunity. Journals should publish guidelines for authors, reviewers, and editors on the use and presentation of data. It is the responsibility of all to encourage best practice in the appropriate manipulation of data and assessment of its clinical relevance.
